This paper presents a study on effect of vertical greenery system (VGS) on temperature, humidity and wind speed at the corridor of a high building and its surrounding. Experiment was performed using HOBO U12-011 devices to obtain data of temperature, relative humidity and air velocity. It aims to investigate the contribution of thermal behaviour of the plant for the building corridor. The outcome of the experimental results showed that ventilation improves the thermal performance of shading climbing plants to reduce the temperature at day and night. It confirms that the higher air velocity increased heat reduction during the day. The study found that the VGS creates a climate in an intermediate space which is characterized by lower temperature and higher humidity. The use of VGS can significantly contribute to energy reduction.
Introduction
Greening the building facade in cities using climbing plants can change the interaction between building and environment. This interaction reduces outside temperature of the building and cools the respective internal spaces. Plants absorb a significant amount of solar radiation for their growth and biological functions. It serves as a natural barrier that prevents solar excessive sunlight. Vertical greenery system (VGS) becomes a strategy to green the city by exploiting larger wall spaces available in urban canyons in which reducing heat and energy consumption and increasing cooling effect on all areas around the building. Urban forms affect urban microclimate, resulting to consumption (Chiang and Tan, 2009) . It is a vital action towards the creation of livable cities by mitigating the impacts of climate change (Saffuan et al., 2013) .
Today, the rising temperatures in urban areas are due to the replacement of natural vegetation with pavement, buildings and other structures. Provision of trees can cool the building and surrounding area through shading and reducing the heat emitted and evapotranspiration (Wong et al., 2010; Chiang and Tan, 2009; Cheng et al., 2010; Wong et al., 2010b) . The natural process of evapotranspiration is the process by which water is transferred from the land to the atmosphere through transpiration from plants. It shows that plants provide a cool environment where the land and the plants become perfect insulator (Papadakis et al., 2001; Wong et al., 2003) . Vertical greenery system is an excellent way of saving energy used in air conditioning, and their advantages do not end there. It occurred due to the existence of plants found in the VGS. Living wall and green facade enhance thermal comfort in building environment both indoor and outdoor by reducing heat transfer to and from building envelope (Stec et al., 2005) . They shade buildings from solar radiation, absorb solar radiation for photosynthesis and evapotranspiration, reduce solar reflection and re-radiation to atmosphere (Wong et al., 2010) .
Ecology and environment is beneficial for green roofs as air quality improvement and reduction of air pollution, increase biodiversity, reduction of heat island effect in urban areas. This is due to the lower amount of heat emitted by the presence of greened and humidity affected by evapotranspiration caused by plants and indirect benefits as energy savings for buildings (Ottelé et al., 2010) . In fact, both the growing medium and the plants themselves provide insulation and shade which can reduce, especially in Mediterranean area, energy for cooling and improve the indoor and outdoor comfort (Wong et al., 2010b) . Beside these benefits social and economical values are involved, with respect to the real estate market, the improvement of durability and better psychological feelings of citizens.
Cooling serves the basic function of providing health and comfort. In warm climates, especially where the humidity is high, comfort does not only depend on the rate of fresh air supply is obtained, but more to the speed at which the air moves around the space to promote evaporation cooling. Prianto and Depecker (2002) stated that one of the main challenges in the humid tropics is to induce the movement of air inside the building in a crowded urban life with low wind speeds. In this study, a low air velocity measurement recorded on the fourth floor of this building which is 0.023 m/s. This situation occurs due to the position and orientation of the building on site. It confirms a study conducted by Chiang et al., (2000) on the impact of design parameters on the internal air flow to enhance thermal comfort such as the position and orientation of the building, the size of windows, interior partitions, and the effects of the balcony and roof shape.
Literature review

Definition of vertical greenery system
The meaning of the term vertical greenery has gathered a divergence of opinions. According to Chiang and Tan (2009) , vertical greenery as greenery integrated into built forms in the city includes balcony gardens, sky terraces and green roofs. However and Bass & Baskaran (2003) defined vertical greenery system as the way in that the plants can be grown on, above, or in the walls of the building. Chiang and Tan (2009) categorize vertical greenery system divided into two broad categories surface, while carrier systems are designed to contain the media for planting on the vertical surface. The selection of systems is guided by the type of plants to be planted. The support systems, also commonly undcovers to grow up the façade on specially designed support structures. In contrast, carrier systems are able to host a greater diversify of plants, including groundcovers, shrubs, ferns, grasses, sedges and even mosses. Such systems are commonly termed This view is supported by Köhler (2008) and Dunnett & Kingsbury (2010) which states that vertical green is the result of greening vertical with plants, either rooted in the ground, the wall material itself or in modular panels attached to the facade to cover the building with plants and can be classified into the facade greening and living wall systems. This definition is consistent with who refers vertical greenery system as living wall and green facade. Francis and Lorimer (2011) states that the living wall potential to represent ecological engineering technique called reconciliation ecology. It is a solution that is more realistic and practical to modify anthropogenic habitat diversity without affecting land use. It is confirmed by that the climate between the building wall and green facade created, and it has the characteristics of low temperature and high humidity in accordance with the surrounding ecology. Kontoleon and Eumorfopoulou (2010) found that the influence of a green layer on the wall surface is more pronounced for east or west oriented surfaces. Wong et al. (2009) performed a simulation research and found that green facade is able to lower the mean radiant temperature values and that 50% greenery coverage and a shading coefficient of 0.041 can reduce the envelope thermal transfer value of a glass facade building by 40.68%. Sunakorn and Yimprayoon, (2011) studied climbing plants as vertical shading devices for naturally ventilated building in terms of influencing air temperature and wind velocity. The indoor air temperature of the biofacade room remains lower than the control room during daytime. The biofacade also improves ventilation for a naturally ventilated room. Perini et al., (2011) studied the difference between the green facade attached directly to the wall and the green facade attached indirectly to the wall (with an air gap). A small temperature reduction of 1.2 C was found on the surface of the wall behind the direct green facade compared to the surface of the bare wall, and a reduction of 2.7 C was found for the indirect greenery system.
Thermal effects on vertical greenery system
In principle, the cooling effect of a living wall beneficial in terms of reducing energy consumption required for cooling a single building, and reduces the heat island effect in the city. Wong et al. (2010b) stated that it has the potential thermal benefits of vertical greenery systems in reducing the surface temperature of the facades of buildings in tropical climates maximum of 11.5 o C. This is a significant reduction in wall temperature will lead to a corresponding reduction in cooling load energy and consequent savings in energy costs. Wong et al. (2010b) studied eight different living wall system and green facades installed on free standing concrete walls. The living wall system with modular panels showed better capacity in reducing the temperature of the wall surface and having the lowest diurnal range of average wall surface temperature fluctuation, comparing to the green facade. The maximum reduction of the wall surface temperatures by the cooling effect of the living wall system is 11.58 C. In addition, Perini et al. (2011) show the potential of a living wall system to reduce wind velocity in the vicinity of the building facades with a decrease of 0.56 m/s to 0.10 m/s ranging from 10 cm in front of the air cavity. Alexandri and Jones (2008) simulated the thermal effects of green roofs and green walls in urban environments. Simulation results show that the green wall has a stronger effect of green roofs in urban canyon. The combination of both green roofs and green walls can bring the temperature down to a comfortable level and achieve energy savings for cooling buildings from 32% to 100%. In addition, evapotranspiration and shading effects on the level of humidity and temperature also affect the build internal and external climate. As a result, especially in warmer climates, this could potentially reduce the use of air conditioners cause significant energy savings.
Evapotranspiration on vertical greenery system
In summary, the existing research on living wall and green facade indicates that both systems have great potential to reduce the internal temperature in the corridors of the building, promote energy conservation, and reducing the urban heat island. No existing studies have examined climate heat environment between vertical greenery system (living wall and green facade) and space in the corridor, and does not explain the mechanism of cooling effect. This paper focuses on the differences between microclimate and moisture vertical greenery systems and internal corridor of tall buildings. Through the understanding of microclimate, it can provide the tools to create a comfortable thermal habitat for people and for building energy-efficient landscape. Monitoring the effectiveness of vertical greenery system is made based on the microclimate component can be easily modified through landscape design such as wind, solar radiation. Brown and Gillespie (1995) pointed out that in some cases other elements, such as temperature and humidity can also be altered and can affect human comfort or energy consumption of buildings.
Material and methods
An experiment to analyze the effects of air flow and temperature of vertical greenery system in the five-story building carried out for this study. The building consists of five plots that combine the use of living walls and green facades system covered with plants on their wall. The investigation is carried out in Malaysia with a hot tropical climate in Jalan PJU 1\42 Petaling Jaya, Selangor .48 E). An experimental approach (block design) established to measure the temperature and air flow and on different floors in each building corridor to evaluate the influence of wind velocity and its effect on heat resistance. A comparison between measurements to the external temperature and the internal temperature of the plant cover with VGS taken for the study.
Experimental description
The experimental approach used in this study consists of two panels vertical greenery system characterized as green facades and living walls are installed in front of the 5-storey office building corridor in Petaling Jaya, Selangor, Malaysia. This experiment was carried out to compare the air temperature and humidity in the internal corridor.
Layout
This experiment involves a five-storey building fitted with two types of random VGS on each floor of the building. Living wall is a tool that supports the plant in a modular system. It consists of a bracket size of 787mm x 260mm made from recycled polypropylene. While the plants are planted in planting box (plant cell) 160mm size made from recycled polypropylene. Green facade consists of a cable system made from stainless steel. It was built in panel size 2.5mx 2m per unit. The installation of the two systems is done at random on each floor of the building in accordance with section (A, B, C, D, and E) (Fig. 1) . In general, the installation of the two systems is made by rotation at random. There are 4 panels installed in each section in which the number of living wall and green facade are different amounts (Fig. 2) . For example on the fourth floor in section C, there is a modular system and two cable systems. Selection of plants for both these systems involves species of creeping and climbing Thumbergia electa (cable system) and Ophiopogan verigated (modular system). There is a drip irrigation system installed on both systems by using the remote control. Installation of this system can help in better plant growth. 
Experimental equipments
The outdoor temperature and relative humidity were measured 30 cm from the facade using an HOBO U12-011 (Onset Computer Corporation, Massachusetts, USA) humidity and temperature data logger (+ 2.5% accuracy for RH and + 0.35oC accuracy for temperature) (Sunakorn and Yimprayoon, 2011; Jim and He, 2011) . Measurements of temperature and relative humidity are made on the surface of the vertical greenery system in which it is facing towards the north. It is measured at two different points (1000 mm, 2000 mm from the bottom of the corridor) for each panel (living wall and green facade). Meanwhile, measurement of air velocity was attached by air velocity sensor which recorded with a data logger (HOBO U12-006 Temp, Onset Com, USA) every 30-minute period of time ranging from 6.00 of May 1 to 6.00 of 31 May 2013 (Table 1) . Table 1 . The equipment is installed in accordance with the parameters of the study.
Meteorological factors observed using fixed stations by AgroMET RainWise weather that came with MKlll-SP1-LR (Rainwise Inc., Maine, USA). The AgroMET RainWise weather station is a device that serves as a data logger for recording temperature, humidity, dew point, rainfall, solar radiation, wind speed and direction. This data is important because it is used as an indicator (control) in the comparison of temperature, humidity and air velocity data obtained from the five-story building corridor (see Fig. 3 -4) . 
Results and discussion
The experimental results in Table 2, Table 3 and Table 4 shows the average (mean), maximum and minimum values measured temperature, relative humidity and air velocity of both types of vertical greenery system for each level. During the experiment there is some relationship between the three parameters that affect the cooling effect.
Temperature
Temperature on the first floor is the lowest on average of 29.6°C. While the maximum temperature recorded was 33.7 o C. This happens because there are 9 panels (VGS) using the cable system installed at this level compared to 8 panels (VGS) using a modular system. It was found that there is direct sunlight entering the corridor where it is exposed in the cable panel found to be less dense with vegetation.
Temperature readings recorded on the second floor of mean 29.8°C was found to increase. It happens because there are 10 double modular systems installed at this floor, compared with 8 cable systems. Meanwhile, on the third floor temperature were recorded up to mean 29.7°C. At this floor VGS installed is composed of 8 modular systems and 8 cable systems. Results on the third floor temperature readings show there is a slight decrease compared to the second floor. Significant temperature increase to 29.8°C can be seen on the fourth floor because it has10 modular systems as compared to 7 cable systems (Table  2 ). This action traps the heat due to lack of wind in this floor. The result at fifth floor indicates that the mean temperature reading is 30.7°C compared to other floors. Building height is a factor in the study of temperature. This is because the maximum temperature rose to 35.7°C on the fifth floor compared to the first floor temperature of 33.7°C. When compared with control temperature (maximum), it appears very significant value of 46.7 o C (12.9 o C). This is a significant reduction in wall temperature will lead to a corresponding reduction in cooling load energy and consequent savings in energy costs (Wong et al., 2010b) . 
Relative humidity
The result of data collection on the first floor for relative humidity (mean) is 72.4%. Dominant factor in the installation of 9 cable systems compared with 8 modular systems easily cause the sun to enter the corridor. Observations at the site found that plants grown immature and because there is space for air velocity (0.259 m/s) affects the moisture at this level. However, the relative humidity increased to 74.9% on the second floor. It is caused by the installation of 10 modular systems side by side in this floor compared to 8 cable systems. The use of leafy vegetation (Ophiopogan verigated) on a modular increase relative humidity in this corridor. This situation confirms the results of a study conducted by Alexandri and Jones (2008) on evapotranspiration and shading effects at the level of humidity and temperature will affect the microclimate of the building.
The mean relative humidity obtained in the third and fourth floor has a small increase of 73.8% and 73.9%. This is due to the number of twin-mounted modular is almost the same, namely 8 (third floor) and 10 modular systems (fourth floor) compared to 8 (third floor) and 7 cable systems (fourth floor). The increase in relative humidity values in the two floors are linked by leafy plants that trap moisture (Cheng et al. 2010) . Meanwhile, the relative humidity on the fifth floor recorded the lowest value of 70.3% (mean). It is due to the use of the more dominant cable system in which 9 cable systems installed compared to 6 modular systems at this level. From the analysis of the data collected at the site found that the lowest value was recorded on the first floor with a maximum value of relative humidity was 89.3%. Meanwhile, the highest value recorded in the relative humidity was 96.7% on the sixth floor (control). The observation found that the moisture reduction is probably due to the amount of wires and cables installed consecutive dominant at this level (Table 3) .
As a result there is a difference in the relative humidity of 7.4% when compared with control. This scenario confirms S. M. Sheweka and Mohamed (2012) which states that high humidity will compensate for thermal comfort especially when temperatures are high and there is no wind to overcome thermal discomfort.Therefore, it is important to consider the location of the green wall in a closed place because it will affect the temperature and humidity. 
Air velocity
The mean value of air velocity recorded at the first floor is 0.259 m/s. It is the second highest value recorded in this study. The results found that these values are influenced by wind trapped between the surrounding buildings. It also results from the use of 9 cable systems compared to 8 modular systems which causes this floor is exposed to the wind. The data obtained showed a decrease in air velocity at the second floor of 0.237 m/s compared to the first floor of 0.259 m/s. This means that there is a reduction in air velocity (0.022 m/s) drastically. It happens because the number of modular system installed was dominant (10 units) compared to with cable system (8 units). The phenomenon of air velocity drop was also recorded on the third floor of 0.220 m/s compared to the first floor of 0.259 m/s. From the analysis detects a greater decrease of 0.039 m/s for air velocity at this floor. It is caused by the use of modular predominantly compared to the cable on each floor. Air velocity value on the fourth floor is the lowest recorded 0.203 m/s. This situation occurs due to the installation of 10 modular predominantly compared to 7 cables that prevents the wind into the corridor. Highest air velocity recorded on the fifth floor of 0.263 m/s (mean). It is caused by the use of the dominant cable (Table 4) . These conditions affect the wind in the open without restriction compared to modulators. It also influences the temperature rise (30°C) and reduces relative humidity (70.3%) at this floor. These results confirm studies conducted by Perini et al. (2011) that the use of vertical greenery system potential to reduce wind velocity around the front of the building. It is proved as the fourth floor where the wind velocity is the lowest recorded 0.203 m/s. It happens due to the installation of 10 modular dominant compared to 7 cables.
Conclusion
This research studies the thermal behavior of the living wall and green facade in hot and humid climate through a series of experiments. The use of the two systems in VGS classified the difference between living wall and green facade according to orientation, space, position and height of the building. The selection of VGS system made in accordance with the direction of the wind and sun orientation. The increase in temperature is influenced by the design and materials used in modular systems and cable systems. Both of these systems act as a catalyst for cooling is suitable as an indicator to measure the temperature rise. It is found that a modular system more effective in lowering the temperature compared to the cable system There is a change in temperature that occurs consistently occur on average 1.5 o C at the high-rise building. The temperature change is very noticeable if the modular system used in large quantities. This is due to evapotranspiration and shading effects on the level of humidity and temperature also affect the climate of the building, interior and exterior are dominant. While the use of the cable system only suitable barriers and shade because the design has a wide gap. It is recommended that the two systems are combined to get a more efficient cooling effect. This is because the modular able to absorb moisture and keep it in a high percentage. The compact modular design and lush vegetation filled also affects the relative humidity increased consistently. Installation of cable systems consecutively or dominant can influence wind speed compared to modular systems. This is because it helps to reduce the temperature and because of the thickness of the insulation affect foliage that creates a layer of stagnant air and shade. Therefore, in high-rise building at hot and humid climate urban setting, the modular system is a suitable wind barrier for interior corridor. It can function as a filter through which plants are grown in modular. experiment. We are also grateful to HashimDesign and Conlay Land Sdn. Bhd. for their assistances and necessary supports in collecting the data.
